Objective To evaluate the effect of a national referral system that aims to reduce maternal mortality rates through improving access to and the quality of emergency obstetric care in rural Mali (sub-Saharan Africa). Methods A maternity referral system that included basic and comprehensive emergency obstetric care, transportation to obstetric health services and community cost-sharing schemes was implemented in six rural health districts in Kayes region between December 2002 and November 2005. In an uncontrolled "before and after" study, we recorded all obstetric emergencies, major obstetric interventions and maternal deaths during a 4-year observation period (1 January 2003 to 30 November 2006): the year prior to the intervention (P-1); the year of the intervention (P0), and 1 and 2 years after the intervention (P1 and P2, respectively). The primary outcome was the risk of death among obstetric emergency patients, calculated with crude case fatality rates and crude odds ratios. Analyses were adjusted for confounding variables using logistic regression. Findings The number of women receiving emergency obstetric care doubled between P-1 and P2, and the rate of major obstetric interventions (mainly Caesarean sections) performed for absolute maternal indications increased from 0.13% in P-1 to 0.46% in P2. In women treated for an obstetric emergency, the risk of death 2 years after implementing the intervention was half the risk recorded before the intervention (odds ratio, OR: 0.48; 95% confidence interval, CI: 0.30-0.76). Maternal mortality rates decreased more among women referred for emergency obstetric care than among those who presented to the district health centre without referral. Nearly half (47.5%) of the reduction in deaths was attributable to fewer deaths from haemorrhage. Conclusion The intervention showed rapid effects due to the availability of major obstetric interventions in district health centres, reduced transport time to such centres for treatment, and reduced financial barriers to care. Our results show that national programmes can be implemented in low-income countries without major external funding and that they can rapidly improve the coverage of obstetric services and significantly reduce the risk of death associated with obstetric complications.
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Introduction
Maternal mortality is a major public health problem, particularly in sub-Saharan Africa, where half (50.4%) of all maternal deaths worldwide occur. 1 One objective of the Millennium Development Goals is to reduce maternal mortality by 75% between 1990 and 2015. 2 In 2005, the maternal mortality ratio in sub-Saharan Africa, estimated at 900 maternal deaths per 100 000 live births, was by far the highest in the world. 1 Unlike other regions, sub-Saharan Africa has not seen improvements in indicators linked to maternal mortality, leading to fears that the Millennium Development targets will not be met.
3 In response to this disquieting situation, many African countries have adopted measures towards reducing maternal mortality.
The context and causes of maternal mortality and morbidity are well known, 4 and strategies to ameliorate them were recently reported.
5 One proven effective strategy is to provide access to basic emergency obstetric services (parenteral oxytocics, antibiotics and anticonvulsants; assisted deliveries; manual extraction of the placenta; removal of retained products) and, if necessary, to comprehensive emergency obstetric services (basic services plus Caesarean sections and blood transfusions). 6 Access to these services is a key element of the WHO Making Pregnancy Safer programme. 7 Ensuring timely Caesarean delivery when needed is a priority in sub-Saharan Africa.
In western Africa, maternal mortality is highest in rural areas where access to emergency obstetric care is limited by large geographic distances to health facilities and scarce resources. 8 While progress has been made in reducing maternal mortality rates in urban areas, the situation in rural areas is not improving. In Mali, for example, the population-based rate of Caesarean delivery in urban areas rose from 1.6% to 3.5% between 1991 and 1998, while in rural areas it remained unchanged (1.6% and 1.5%, respectively).
9 Implementing emergency obstetric care programmes, and maternity referral systems in particular, is complicated in settings where resources are scarce. 10 In western Africa, where the Bamako Initiative has made cost recovery in health care the standard, 11 the costs of comprehensive emergency obstetric care represent a major outlay for households 12, 13 and several strategies have been attempted to reduce this financial burden. 14, 15 In 2002, the Government of Mali launched a nationwide maternity referral system 16 aimed at improving the quality and accessibility of comprehensive emergency obstetric care services and at reducing the danger of death associated with obstetric complications. In this study, we aim to evaluate the effects of the system in a rural population of more than one million inhabitants.
Methods
Setting
Of 177 countries on the Human Development Index for 2005, Mali was  ranked 173rd 17 and had the 17th highest maternal mortality ratio 1 The health region of Kayes, situated in the west of Mali, has nearly 1.7 million inhabitants unevenly distributed over 120 760 km². Rugged terrain and periods of intense rain with flooding make communications difficult. The study area consists of six of the region's seven districts. The provincial district was excluded because it is more urban. The study area contains just over 1.25 million inhabitants, and the population density of the districts varies between 9.7 and 26.2 inhabitants per km² (mean of 14.7 inhabitants per km²).
Despite efforts in recent years, the geographic accessibility of health services remains poor: the distance from home to a primary health care centre is more than 5 km for 56% of the population and more than 15 km for 30%. The public health system, which is almost the only provider of modern health-care services, has few resources (one doctor per 28 000 and one midwife per 96 000 inhabitants). The study area has 101 community health centres (15 to 20 in each district) and six district health centres. Whereas the latter offer comprehensive emergency obstetric care, community health centres provide basic obstetric services, including assisted deliveries. When an emergency complication arises at the community health centre, the patient is referred to a district health centre. The overall utilization rate of reproductive health services in the study area resembles the national average for rural areas in Mali.
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Intervention
The maternity referral system is a national programme launched in 2002 to reduce the risk of maternal death associated with obstetric complications. 16 The system relies on three main components (Fig. 1) . First, it seeks to improve communication and transport opportunities to eliminate delays in the delivery of emergency obstetric services. Funds from overseas donors are used to improve radio communications between community health facilities and district health services, as well as ambulance transport between them. Second, alternative funding options, including community cost-sharing schemes, are accessed to eliminate financial barriers to obstetric care. Community-funded schemes receive funds from the local government, local health services and community health associations and then reimburse health providers for all services they give to women, who contribute only a small co-payment. Third, training and equipment are provided to improve the clinical management of obstetric emergencies.
The programme was designed in accordance with national guidelines but is implemented with adaptations for regional contexts in cooperation with local health partners. In the study area, the start-up period was between 2002 and 2005, depending on the district.
Two categories of women use the programme's obstetric services: (i) those with obstetric complications who are referred by community health centres and have benefited from all components of the system, and (ii) those who are self-referred to the district health centre.
There are six categories of obstetric emergency, defined on the basis of the medical diagnosis or the reason for referral: haemorrhage, uterine rupture, pre-eclampsia/eclampsia, dystocic labour, infection and other (for other obstetric emergencies that cause maternal death directly, such as abortion, or indirectly, mainly malaria and anaemia).
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Study design and statistical analysis
In 2004, a system for ongoing registration of obstetric emergencies was set up in all districts of the Kayes region. During an initial pilot phase, data collection was supported and supervised by the Regional Health Authority of Kayes and the research team. The system allowed for the documentation of each patient deemed to be an obstetric emergency, and the data collected included the sociodemographic characteristics of the woman, the obstetric diagnosis and outcome, pregnancy follow-up, etc. Because the maternity referral system is a national programme that all regions must implement, it was neither ethical nor practical to include a control group that would be denied access to this programme in our study design. Therefore, we used a quasi-experimental uncontrolled before-and-after study design. The main criterion to assess the effects of the intervention is the risk of death among obstetric emergency cases.
To evaluate the efficacy of the maternity referral system, we considered four periods: before the intervention (P−1), the year during which the intervention was implemented (P0) and two 12-month post-intervention periods (P1 and P2). Data availability and start date of intervention by district is shown in Fig. 2 . The maternity referral system was implemented on a different date in each of the six districts of the study area. As a result, the P−1 period lasted from 3 to 34 months, with a mean of 12.2 months; the P0, P1 and P2 periods all lasted 1 year, except in district 4, where P0 lasted 11 months, and for district 1, where P2 lasted 7 months. District 3 had no P1 or P2 while the study lasted since implementation of the programme was delayed because of the time it took to reach a consensus regarding community cost-sharing schemes.
We checked for group comparability for the main known risk factors for maternal death (age, cause of obstetric complications). Patients came from districts where access to health services varies greatly. Districts were classified according to the percentage of the population living within 15 km from a primary health care centre (good accessibility: > 85%; average accessibility: from 60 to 85%; poor accessibility: < 60%). We compared the risk of death Results Table 1 presents data on obstetric activities in the study area. During the study, the rate of institutional deliveries and the number of obstetric emergencies treated in district health centres increased. The proportion of deliveries benefiting from major obstetric interventions for absolute maternal indications increased markedly: from 0.13% (95% CI: 0.10-0.16) at P−1 to 0.46% (95% CI: 0.26-0.66) at P2. To take into account the sharp increase in the number of institutional deliveries during the study period, we performed calculations with institutional deliveries as a denominator. These calculations showed little change in the rate of obstetric emergencies treated (P−1 versus P2; 4.8% and 4.7%, respectively) while the rate of major obstetric interventions has increased (25% to 43%, respectively). Also of note is that there is little change in the percentage of major obstetric interventions performed for absolute maternal indications (55% in P−1 and 57% in P2).
During the study, 2617 obstetric emergency patients received care in district health centres and benefited from all or some components of the maternity referral system. Across the different periods, they differed significantly in terms of age, diagnosis, previous obstetric history and case management (Caesarean section), as well as in geographical access to primary care services in their district of residence (Table 2) . Table 3 shows the causes of maternal death in the different study periods. The crude case fatality rate (defined as the ratio of total deaths observed, regardless of cause among cases, to the total number of cases observed) also decreased from 10.1% to 5.13% between P−1 and P2. Nearly half the reduction in mortality could be attributed to fewer deaths from haemorrhage. Overall, the risk of death decreased, and among women with haemorrhage, the reduction in risk was nearly three-fold and was statistically significant (OR: 0.37; 95% CI: 0.17-0.79). The decrease in the risk of death from haemorrhage was greater among referred women and was also statistically significant (OR: 0.17; 95% CI: 0.04-0.68]. Table 4 presents the adjusted odds ratios between the pre-intervention, implementation and two post-intervention periods. The risk of death was reduced by about half for all women, and the reduction was statistically significant between P−1 and P1 (P = 0.027) and between P−1 and P2 (P = 0.002). The reduction was even more marked among referred women, for whom the risk of death was three times lower in P2 than in P−1 (P = 0.002). The statistical tests for trends in case fatality rates did not yield significant results.
Discussion
This study had the advantage of being set within a national programme, so that the measurement of its effects and the analysis of processes allowed us to draw lessons that are directly applicable not only to Mali but also to other resource-poor countries in sub-Saharan Africa. Existing studies on the implementation of transport systems, emergency loans, community financing, communications, or various combinations of these elements [20] [21] [22] offer few or no empirical data on whether they * c² level of significance < 0.05; **c² level of significance < 0.01. DF, degrees of freedom; P-1, year before the intervention; P0, year of the intervention; P1, 1 year after the intervention; P2, 2 years after the intervention. a Women with obstetric complications who were referred by a community health centre to a district health centre. b Accessibility was categorized according to the percentage of the population in a woman's district of residence that lived within 15 km from a primary health care centre: good accessibility, over 85%; average accessibility, from 60% to 85%; poor accessibility, less than 60%.
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reduce institutional maternal mortality. Furthermore, the usefulness of data from these studies is limited by study designs that are less than robust. Our data show that Mali's national maternity referral system increases the coverage of obstetric emergencies and reduces the risk of death among women delivering with obstetric complications. This risk reduction is achieved primarily in those with haemorrhage, whose prognosis is directly related to whether appropriate care is received within 2 hours or not. 23 Furthermore, the reduction in risk among women with haemorrhage is distinctly more marked in those who are referred by community health centres than in those who come to the district health centre on their own. This point is particularly important because the referred women have benefited from all components of the intervention, particularly faster modes of communication and transport that reduce treatment waiting times. Thus, improved access to comprehensive emergency obstetric care and to Caesarean sections has contributed to the programme's success.
The effects of the intervention were quick to be noted because there were considerable unmet needs in emergency obstetric care and baseline case fatality rates were very high. Over the study period, the number of women attending community health centres for normal deliveries increased progressively. Furthermore, obstetric complications became more likely to be diagnosed at an earlier stage in the labour or postpartum stages, allowing more women to benefit from the intervention sooner. Indeed, the number of obstetric emergencies and of major obstetric interventions performed in reference health centres increased dramatically during the study period. However, 2 years after implementation of the referral system, the rates of major obstetric interventions performed for absolute maternal indications remained low (0.46%) by comparison to rates reported in 2003 from a study in an urban setting in neighbouring Burkina Faso. In that study, the number of major obstetric interventions for absolute maternal indications increased significantly (from 0.75% to 1.42%) the year after implementation of a cost-sharing mechanism for emergency obstetric care. 15 An analysis of the conditions in which the intervention described herein was implemented made it possible to identify its strengths and weaknesses. 10, 24 One of its strengths was the sustained political support it received at both the regional and national levels. Reproductive health is a major component of Mali's national health plan, and the CFR, case fatality rate; CI, confidence interval; P-1, year before the intervention; P0, year of the intervention; P1, 1 year after the intervention; P2, 2 years after the intervention. a Total number of obstetric emergency cases for P-1 = 475; P0 = 658; P1 = 571; P2 = 913. b The difference between CFR P2 and CFR P-1 for a specific cause (e.g. 1.42 -3.79 = -2.37 for haemorrhage). c Absolute change in maternal mortality for a specific cause (e.g. -2.37 for haemorrhage) expressed as a percentage of the total absolute change in maternal mortality rates (-2.37 ¸ -4.98 = 47.5).
Maternal mortality in rural Mali Pierre Fournier et al. CI, confidence interval; OR, odds ratio; P-1, year before the intervention; P0, year of the intervention; P1, 1 year after the intervention; P2, 2 years after the intervention. a Adjusted for age, previous Caesarean, diagnosis, health-centre accessibility, Caesarean delivery and transfusion.
regional authorities have made the required investments. A further strength of the programme was its reliance on the establishment of community costsharing schemes, which not only reduce financial barriers to care, but also help to ensure programme sustainability by eliminating the need for financial contributions from outside the community. The last strength was the organization of the referral system and the collaboration among various partners. The programme was unique in that its general framework was defined at the national level, while regions supported the districts, which in turn designed their own local system. This method has the occasional drawback of slowing down implementation in areas where local dynamics are unfavourable; however, it generally has the advantage of producing a system that is supported by the community and local actors.
In the Kayes region, implementation of these systems at the district level took 3 years (from December 2002 to November 2005). In Mali, the availability of Caesarean sections at the district level is made possible by a programme of surgical qualification for general practitioners that allows them to perform Caesarean deliveries. Neighbouring countries with greater resources have had difficulty achieving surgical training for general practitioners, resulting in reduced or nonexistent access to surgical services in rural areas. The implementation of the system for ongoing registration of obstetric emergencies will yield the data necessary for continuous monitoring of the effectiveness of the maternity referral system. Data collection also serves as a stimulus and a performance incentive for those locally responsible for reproductive health services. Areas for additional improvement include the availability and quality of basic emergency obstetric treatment at the first level of care. Most deliveries in community health centres are performed by poorly qualified birth attendants who fail to detect obstetric complications early enough. Furthermore, at district health centres more patients could be saved if the currently inadequate supplies of blood for transfusion were increased.
This study has some limitations. It had no control group or randomization and was constrained by the fact that the maternity referral system is a national programme whose effects should be evaluated under normal conditions of implementation. The absence of a control group made it impossible to control for other interventions or effects that could have modified the outcome of obstetric emergencies over time. However, the study area did not undergo any important social or economic changes during the study period. Changes to the health-care system in connection with obstetric emergencies were made within the framework of the maternity referral system being evaluated. The only notable modification to health services outside of the programme was the government's decision to provide Caesarean sections free of charge. This decision completely eliminated the woman's financial contribution, which had already been considerably reduced by community cost-sharing schemes associated with the intervention.
The second limitation of the study was the variability of data quality, which showed improvements over time in tandem with improvements in the monitoring system (for example, missing data for age decreased from 3.8% in P−1 to 1.1% in P2). Decreases in case fatality rates could be linked to an increase in the registration of less severe cases resulting from better case registration overall and the detection of complications at an earlier stage.
The limitations of the study were mitigated by the methods of analysis, which allowed us to control for the principal cofactors pertaining to patients' personal characteristics and obstetric history (age, previous Caesarean section), case mix (diagnosis), case management (Caesarean section and transfusion) and geographical accessibility. Given the constraints linked to the evaluation of a non-pilot referral system, the design and methods of analysis chosen provided the most robust results possible. 25 Our results show that in poor countries, programmes to reduce barriers to comprehensive emergency obstetric medical care can substantially decrease deaths associated with obstetric emergencies. Furthermore, they show that such programmes can be implemented on a large scale without major external funding. Our results were observed in a very poor country and in a region where the geographic accessibility of health-care services is among the poorest. Therefore, the system should be applicable to most rural African contexts, where most maternal deaths occur.
Furthermore, our results allow us to draw lessons not only about the intervention, but also about the research methods applied. More in-depth research should be carried out on the effects of this intervention on the population, especially related to geographical accessibility. The effects observed so quickly after this intervention were the result of the programme's response to important unmet needs. However, efforts to satisfy such needs will be limited by geographic accessibility; any future effects of the intervention could be diminished unless patient recruitment is extended to those living far from community health centres. Studies are currently under way to model accessibility, not in terms of distance, but rather of time, taking into account the seasons and the modes of transport being used. A better understanding of the causes of the first delay in seeking services 26 will also help improve access to the system.
In contexts where the rate of institutional deliveries is low, improvements in emergency obstetric care will enhance the effects of the maternity referral system on maternal mortality. However, to achieve a more comprehensive approach for monitoring deliveries 27 that will ensure better maternal outcomes, the rate of institutional deliveries must be increased. In turn, this necessarily calls for improvements in service quality at all levels of the health system, some of which can derive from the successes of the maternity referral system. Our results suggest that part of the success of the intervention was linked to increased rates of institutional deliveries during the study period. ■ advice, and the district teams, without whose help this work could not have been accomplished. We also thank the reviewers for their useful comments towards improving the paper. , couvrant l'année avant l'intervention (P-1), l'année de l'intervention (P0) et les années débutant 1 an et 2 ans après l'intervention (P1 et P2 respectivement). La principale mesure de résultat était le risque de décès chez les patientes présentant une urgence obstétricale, calculé à partir des taux de létalité et des odds ratios bruts. Les résultats des analyses ont été ajustés par régression logistique pour tenir compte des facteurs de confusion. Résultats Le nombre de femmes recevant des soins obstétricaux d'urgence a doublé entre P-1 et P2 et le taux d'interventions obstétricales majeures (principalement des césariennes), pratiquées pour des indications maternelles absolues, est passé de 0,13 % en P-1 à 0,46 % en P2. Pour les femmes prises en charge pour une urgence obstétricale, le risque de décès 2 ans après l'intervention était inférieur de moitié à celui enregistré avant l'intervention (odds ratio, OR : 0,48 ; intervalle de confiance à 95 %, IC : 0,30-0,76). Les taux de mortalité maternelle ont diminué plus fortement parmi les femmes aiguillées vers des soins obstétricaux d'urgence que parmi celles s'étant présentées dans des centres de santé de district, sans aiguillage. Près de la moitié (47,5 %) de cette baisse de mortalité était attribuable à la diminution des décès par hémorragie. Conclusion On a observé pour cette intervention des effets rapides, imputables à la disponibilité des interventions obstétricales majeures dans des centres de santé de district, à la réduction du temps de transport dans ces centres pour y recevoir un traitement et à la réduction des obstacles financiers à la dispensation des soins. Nos résultats montrent que les programmes nationaux sont applicables dans les pays à faible revenu sans apport financier externe majeur et qu'ils peuvent améliorer rapidement la couverture des services obstétricaux et diminuer notablement le risque de décès associé aux complications obstétricales.
Resumen
Mejora del acceso a atención obstétrica de urgencia integral y efecto sobre la mortalidad materna institucional en zonas rurales de Malí Objetivo Evaluar el efecto de un sistema nacional de derivación concebido para reducir las tasas de mortalidad materna mediante la mejora del acceso a la atención obstétrica de urgencia y de la calidad de la misma en el Malí rural (África subsahariana). Métodos Entre diciembre de 2002 y noviembre de 2005 se implantó en seis distritos de salud rurales de la región de Kayes un sistema de derivación para atención de maternidad que incluía atención obstétrica de urgencia básica e integral, transporte a servicios de obstetricia y planes comunitarios de participación en la financiación de los gastos. Mediante un estudio «antes y después» no controlado, registramos todas las urgencias obstétricas, las intervenciones obstétricas mayores y las defunciones maternas a lo largo de un periodo de observación de 4 años (1 de enero de 2003 a 30 de noviembre de 2006): el año previo a la intervención (P-1); el año de intervención (P0), y al cabo de 1 y 2 años de la intervención (P1 y P2, respectivamente). La variable principal de valoración fue el riesgo de defunción entre las pacientes con urgencias obstétricas, calculado mediante las tasas brutas de letalidad y las razones de posibilidades brutas. Los análisis se ajustaron por variables de confusión mediante regresión logística. Resultados El número de mujeres que recibieron atención obstétrica de urgencia se duplicó entre P-1 y P2, y la tasa de intervenciones obstétricas mayores (principalmente cesáreas) para indicaciones maternas absolutas aumentó de 0,13% en
